Planetary transits detected by the CoRoT mission can be mimicked by a low-mass star in orbit around a giant star. Spectral classification helps to identify the giant stars and also early-type stars which are often excluded from further follow-up. We study the potential and the limitations of low-resolution spectroscopy to improve the photometric spectral types of CoRoT candidates. In particular, we want to study the influence of the signal-to-noise ratio (SNR) of the target spectrum in a quantitative way. We built an own template library and investigate whether a template library from the literature is able to reproduce the classifications. Including previous photometric estimates, we show how the additional spectroscopic information improves the constraints on spectral type. Low-resolution spectroscopy (R ≈1000) of 42 CoRoT targets covering a wide range in SNR (1-437) and of 149 templates was obtained in 2012-2013 with the Nasmyth spectrograph at the Tautenburg 2m telescope. Spectral types have been derived automatically by comparing with the observed template spectra. The classification has been repeated with the external CFLIB library. The spectral class obtained with the external library agrees within a few sub-classes when the target spectrum has a SNR of about 100 at least. While the photometric spectral type can deviate by an entire spectral class, the photometric luminosity classification is as close as a spectroscopic classification with the external library. A low SNR of the target spectrum limits the attainable accuracy of classification more strongly than the use of external templates or photometry. Furthermore we found that low-resolution reconnaissance spectroscopy ensures that good planet candidates are kept that would otherwise be discarded based on photometric spectral type alone.
Introduction
The CoRoT 1 mission has been the first space mission dedicated to the search for transiting planets (Baglin et al. 2007 ). Overviews of the mission were given by Baglin et al. (2009) , Deleuil et al. (2011) , and Moutou et al. (2013) . Statistics on candidates and planet detections have been reported for several fields monitored by CoRoT Carone et al. 2012; Carpano et al. 2009; Cavarroc et al. 2012; Erikson et al. 2012; Moutou et al. 2009 ).
The goals of ground-based follow-up are manifold (Carone et al. 2012; Carpano et al. 2009 ), among others the precise derivation of the parameters of a detected planet. While the CoRoT light curve constrains the radius of a planet, ground-based radial-velocity (RV) measurements are needed to derive its mass ). Only the relative radius and mass of the planet are constrained. 1 
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Therefore, the absolute mass and the radius of the host star have to be known very accurately.
False positives play an important role and lowresolution spectroscopy is a step towards their identification. In the case of a false positive, a planetary transit is mimicked by other configurations (Brown 2003) . The case of a background eclipsing binary close to the actual target can be resolved by photometry (Almenara et al. 2009; Guenther et al. 2013 ). The present work aims at another kind of false positive. A planetary transit can be mimicked by a low-mass star orbiting a giant star (see Cavarroc et al. 2012) . The identification of giant stars relies on the availability of accurate spectral types.
A first clue about the spectral type of CoRoT targets is given by the CoRoT input catalogue (ExoDat 2 ; Deleuil et al. 2009 ) which is based on a massive UV Br ′ i ′ photometric survey carried out during the mission preparatory phase and has been updated continuously since then. However, in regions of inhomogeneous extinction, it is difficult to obtain spectral class, luminosity class, and extinction simultaneously. Although the photometric classification is correct on average, it can be deviant for individual stars . Therefore, spectroscopic information is needed to better assess stellar parameters of individual targets (cf. Carone et al. 2012; Gazzano et al. 2010 ). Precise information is contained in atmospheric parameters like effective temperature and surface gravity. Those are obtained most accurately from high-resolution spectroscopy (e.g. Gazzano et al. 2013, for CoRoT) . As the necessary signal-to-noise ratio (SNR) can be hardly attained at high spectral resoluton for faint stars, one needs to resort to lowresolution spectroscopy. Then, a precise measurement of atmospheric parameters is out of reach but spectral classification is still possible.
In practice, spectral classification is done by comparing stellar spectra to template spectra of well-known stars, in particular MK standards. There are different approaches of how to obtain template spectra and to compare them to the target spectra. Computer-based classification has proven efficient. Sebastian et al. (2012) classified more than 10,000 stars in the fields of CoRoT automatically and showed that an accuracy of one to two sub-classes can be achieved. While templates are commonly taken from libraries taken with other instruments (e.g. Gandolfi et al. 2008; Sebastian et al. 2012) , the classification is considered most accurate when the templates are taken from an internal library, i.e. have been observed with the same instrument and setup as the target spectra (Gray & Corbally 2009; Wu et al. 2011a) . Then, the full spectral range is available for comparison and no convolution is needed to match the spectral resolution.
A low-resolution spectrograph attached to an intermediate-size telescope, like the Nasmyth spectrograph (R ≈ 1, 000) at the Tautenburg 2m telescope, offers a sufficient dynamical range to observe the faint CoRoT targets (V < 16 mag) as well as bright nearby template stars. The Nasmyth spectrograph provides a wide spectral range 360 − 935 nm covering a wealth of stellar features which can be used for classification.
In the present study, we follow the initial work of Guenther et al. (2012) and Sebastian et al. (2012) . Based on spectra taken with the Nasmyth spectrograph, we explore the capabilities of low-resolution spectroscopy to derive the spectral types of CoRoT targets. Of course, the accuracy of spectral classification will depend on the signal-to-noise ratio (SNR) of the target spectra. In the course of the followup of planet candidates, a large number of stars has to be classified efficiently and to the accuracy required. Since telescope time is limited and the exposure time scales with the square of the SNR, we are interested in a good knowledge of the required SNR.
The CoRoT targets were selected from various internal and public lists, in particular from Deleuil et al. (in preparation) 3 . Most of the CoRoT objects are FGK stars ) and these are the most interesting planet host stars. How well does spectral classification distinguish giant stars and dwarf stars, especially at spectral types F, G, and K? We followed a two-fold approach. Firstly, we followed the canonical approach of spectral classification (Gray & Corbally 2009) and built an internal library of spectral templates with the same spectrograph and setup used to observe the CoRoT targets. Secondly, a classification was done using templates from the Indo-US Coudé-feed library (CFLIB, Valdes et al. 2004) , selected for its good coverage of spectral types, luminosity classes, and metallicity. We investigate whether this external library gives similar results. Simultaneously, we analyse the impact of the SNR of the target spectra on the results. In addition, we compare the spectral types obtained to previous photometric classifications given by ExoDat. We identify the merits of the inclusion of a spectroscopic classification over a sole photometric classification.
Section 2 explains the selection of stars to build the internal template library. The observation of templates and CoRoT targets is described in Sect. 3. Sect. 4 addresses the data reduction and the coverage of the internal template catalogue is assessed in Sect. 5. We describe the steps of the spectral classification in Sect. 6 and the results in Sect. 7. The results are discussed in Sect. 8 before we conclude in Sect. 9.
Selecting stars for a new library of template spectra
The template stars need to fulfil a set of requirements. Of course, the spectral types need to be known very well. Having in mind quantitative spectral classification in future work, we adopted as an additional criterion the availability of accurate atmospheric parameters.
Although quantitative classification is beyond of the scope of the present work, we point out here that it has many advantages over the use of spectral types. There is no need to use a conversion scale, e.g. from spectral type to effective temperature which is intrinsically prone to errors. Furthermore, it promises higher precision and flexibility than the classification by spectral type which is limited by the discreteness of the classification scheme. An extension of the traditional grid of spectral types to include metallicity or even abundance patterns would be too demanding. Instead, atmospheric parameters can be used defining a continuous grid which can be sampled by templates according to the requirements of the classification task. For previous work and reviews, see Bailer-Jones (2002) ; Cayrel et al. (1991) ; Gray & Johanson (1991) ; Malyuto et al. (2001) ; Singh et al. (2002) ; Stock & Stock (1999) .
As another criterion, the template stars should be bright so that spectra can be taken quickly with a high SNR. The and a discussion of the status of individual candidates is beyond the scope of the present work (but see Deleuil et al.) .
templates should cover the range of spectral types of interest. In order to be able to classify most CoRoT targets, we selected templates for early-type and Sun-like stars of different luminosity class from the CFLIB. Wu et al. (2011b) obtained stellar parameters and chemical abundance homogeneously for the CFLIB library.
FGK dwarfs are the best targets to look for planets with CoRoT. To fill the grid with templates, we selected wellstudied FGK stars from Fuhrmann (1998 Fuhrmann ( -2011 . Several of those are MK standards according to Gray & Corbally (2009) .
The work of Fuhrmann is restricted to solar-type mainsequence and sub-giant stars. However, in the distant CoRoT fields, the fraction of early-type stars and giants is relatively high. CoRoT covers these luminous stars more completely but there is a lack of cooler main-sequence stars. While early-type stars are covered by the CFLIB, we supplement the set of stellar templates with K giants compiled by Doellinger (2008) who derived the stellar parameters and iron abundance of 62 K giants.
Observations
All spectra were taken with the low-resolution long-slit spectrograph mounted at the Nasmyth focus of the 2m Alfred Jensch telescope in Tautenburg (Germany). A slit width of 1 ′′ was used to ensure a resolution of ≈ 1, 000. The V200 grism was chosen as dispersing element, thus covering the visual wavelength range from 360 to 935 nm. It is a BK7 grism with 300 lines per millimeter and a dispersion of 225 Åmm −1 . The detector is a SITe#T4 CCD with 2048x800 pixels and a pixel size of 15 µm. We used channel A with a gain of 1.11 µV per electron.
CoRoT monitors several stellar fields consecutively for up to 40 days (short runs) or for up to 150 days (long runs). These fields are selected in two opposite directions in the sky where the galactic plane crosses the equatorial plane. These are the so-called galactic centre and anti-centre-eyes of CoRoT. Seasonal observations of the CoRoT fields are possible in winter (galactic anti-centre) and summer (galactic centre) despite the high latitude of the observing site of 51
• N. The CoRoT fields can be observed at an air mass of approx. 1.5. A total of 42 CoRoT targets covering a brightness range of R = 11.0 − 15.5 was observed in February and July 2012/2013 when the visibility of the CoRoT eyes was best. Table 1 presents the journal of observations.
In addition, we have observed a set of 149 template stars (Table 2) . They are bright so that the SNR is high. Exposure times range from a few seconds for the brightest template stars to 30 min for the faintest CoRoT targets. In general, at least two spectra were taken per target in order to remove cosmics. While the usually faint CoRoT targets are observable only under good conditions for a few hours per night, the bright template stars are distributed over the whole sky. They perfectly fill the observing time when CoRoT targets are not visible or when conditions are bad.
Table 1
Journal of observations sorted by the SNR achieved. The first two columns give the CoRoT and Win identifiers. The Win identifier is composed of the CoRoT run (LR=long run, SR=short run, IR=initial run; a=galactic anti-centre, c=galactic centre; plus a consecutive number), the CCD identifier (E1/E2), and a consecutive number. The run ID identifies the spectroscopic runs carried out in February and July 2012/2013. The R band magnitude is followed by the number of spectra taken per object. The last column gives the SNR of the co-added spectra. In order to estimate the bias level and the read-out noise, dark frames were taken with closed shutter and zero exposure time. In order to assess the pixel-to-pixel variation of sensitivity, the wavelength-dependent transmission of the spectrograph, and bad or hot pixels, flat-field frames were taken pointing the telescope to a flat-field screen which is installed in the dome and illumated by an incandescent lamp.
In principle, the wavelength calibration can be done using sky emission lines in the long-slit spectra. However, the sparseness of sky emission lines in the blue part of the spectra does not permit a precise calibration in this region. It is the blue part of the spectrum which displays a wealth of features and is very valuable for spectral classification. Therefore, spectra of gas discharge lamps (He and Kr) were used for wavelength calibration. At least one set of gas discharge exposures was taken per observing run. A wavelength precision of a few Å is achieved this way and is sufficient for the purpose of spectral classification.
To estimate the signal-to-noise ratio (SNR), we assumed pure photon noise accounting for read-out noise. The total system gain used depends on the amplifier setting chosen. In the present case (setting '20'), we estimated a total system gain of 3.2 electrons per data unit using the full well at the noise roll-over specified by the manufacturer (84,000 electrons) 4 . The readout-noise amounts to 7.8 electrons. This estimate of the SNR is fully sufficient to compare the spectra since all spectra were taken with the same instrument and identical settings. The median is used to distinguish good spectra with high signal and bad spectra with a high noise level.
Data reduction
The long-slit spectra have been reduced using the data reduction and analysis system IRAF 5 (Tody 1986 (Tody , 1993 . This procedure comprises bias subtraction, an automatic removal of cosmic rays, and removal of pixel-to-pixel variations by flat-field correction.
All spectra have been wavelength-calibrated using He and Kr spectra. Using IRAF tasks, the wavelengths of prominent lines have been identified and used to derive a wavelength solution which has been applied to all stellar spectra. The spectrograph is mounted at the fork of the telescope so that instrument flexure causes shifts depending on the exact orientation of the telescope. Therefore, sky emission lines have been employed to apply corrections. For each frame with a long exposure time of 20 minutes at least, the sky lines are bright enough to use them as calibration source (Osterbrock et al. 1996) . They have been used to derive offsets to correct the wavelength scale. The corrections were small and of the order of the resolution limit. Fig. 1 The black line shows a Nasmyth spectrum of the G0V star HD 157214. For comparison, a library spectrum with medium resolution (Valdes et al. 2004 ) is shown (light grey). To match the SED, the template spectrum was used to adjust the flux of the Nasmyth spectrum. Both spectra were normalised to unity at 5550 Å. In addition, the subtracted night sky spectrum of the site is shown (grey) and is offset w.r.t. the stellar spectra for clarity. The most important spectral features are indicated.
The sky background could be subtracted easily from the long-slit spectra. For this purpose, long exposures provide an excellent source to analyse the night-sky emission in Tautenburg. Figure 1 shows the Nasmyth spectrum of a Sun-like star together with the subtracted sky-background.
The most prominent features in the night-sky spectrum are the O I, Hg I, and Na I atomic lines, the broad continuum centred at 5890Å, and the OH bands in the red part (Osterbrock & Martel 1992; Slanger et al. 2003) . These lines originate from the night glow as well as from artificial sources. The broad continuum centered at 5890 Å is characteristic of the presence of artificial light and in this case originates from high-pressure sodium lamps used in the nearby city of Jena, Germany.
The flux calibration of the spectra of CoRoT targets was not possible because of the spectrograph design and the high airmass of CoRoT targets. The orientation of the spectrograph slit cannot be adjusted and the slit-rotation of the spectrograph depends on the hour angle of the object. This leads to a dependency of the detected flux level on atmospheric refraction. In addition, the star is slightly moving on the slit and the exact location on the slit cannot be reproduced. Therefore, the stellar continuum could not be recovered and used for classification. Instead, one has to rely on spectral lines only and the continuum has to be adjusted to match the continuum of the template (Fig. 2) . Hence, the comparison is restricted to the strength and the profile of selected absorption lines.
The coverage of the new template library
The CFLIB and the new internal template library have many stars in common. 54 CFLIB stars have been included in the www.an-journal.org sample chosen from Fuhrmann (1998 Fuhrmann ( -2011 . The Fuhrmann sample does not cover all spectral types. Therefore, 55 stars have been chosen from the CFLIB catalogue and reobserved for the new library. In total, 109 CFLIB stars have been reobserved.
Within the present work, 149 template spectra of bright stars have been taken. MK spectral types have been adopted from Valdes et al. (2004) when available and from the SIM-BAD database otherwise. Table 3 shows the coverage in spectral type. The catalogue is being filled continuously but a good coverage has already been achieved for dwarf stars. Particularly, FGK dwarfs are densely covered. A finely graduated classification becomes feasible in the FGK regime.
Computer-based classification
The spectral types of the CoRoT targets have been obtained using a computer-based classification. The software applied (described in Sebastian et al. 2012 ) compares all target spectra to a library of template spectra. Each target spectrum is matched to template spectra adjusting the radial velocity shift, the level of the continuum, and the slope of the continuum. We selected spectral chunks that contain sensitive lines for spectral classification thus removing parts that are not useful for classification (see Fig. 2 ). Afterwards the χ 2 is calculated and compared for each template spectrum. The five best-matching templates are validated by visual inspection. This validation rules out false classifications due to low S/N or stellar activity. The spectral type of the best-matching validated template is adopted for the target spectrum. Guenther et al. (2012) found that the error bar of this classification method depends on the spectral type and the template library used. They analysed the accuracy of the method on a sample of more than 3000 stars and found that the accuracy of this method for low resolution spectra is on average two subclasses. It is slightly better for early-type stars (1.3 subclasses) and less accurate for solartype stars (2-3 subclasses). The classification is not affected by rotational broadening since the spectral resolution of the Nasmyth spectrograph is too low.
Firstly, we used the internal template library taken with the Nasmyth spectrograph. In the second approach, we used a set of 281 template spectra provided by CFLIB (Valdes et al. 2004) 6 . To compare the CoRoT target spectra directly with the CFLIB templates, we have to ensure that the resolution, the wavelength range, and the continuum flux level are roughly the same. Since the Nasmyth spectra have been taken with a resolution of ∼ 5 Å FWHM (at 5500 Å), we convolved the CFLIB templates (∼ 1 Å FWHM) with a Gaussian kernel.
For the comparison with internal templates, the full wavelength range from 3600 to 9350 Å can be used in Table 3 The coverage of the new template library in spectral type. At each spectral type, the number of templates is given. spectral luminosity class class
principle since the target spectra have been obtained with the same spectrograph. However, especially the red part of the covered wavelength region contains telluric bands. The strength of these bands is variable. Although a correction of telluric bands is possible in principle, the scarcity of useful features does not justify this effort. The strongest telluric oxygen bands appear at 6884 Å (Catanzaro 1997) . Therefore, the wavelength region applied here starts in the blue at 3950 Å where we get sufficient signal and ends at 6800 Å at the blue edge of the oxygen bands. In the extreme red, there is a very short range of ≈ 400 Å not strongly affected by telluric absorption. This region contains three prominent CaII lines (8498, 8542, and 8662 Å) at almost all spectral types which can be used for spectral classification (Gray & Corbally 2009 ). For early-type stars, some HI lines of the Paschen series were included in addition. In spite of some night-sky emission lines that could affect the spectra (see Fig. 1 ), we chose the region from 8400 to 8880 Å in addition to the blue part (4200 − 6800 Å) for comparison (Fig. 2 ). For spectra with low SNR, we had to set the blue edge to 4800 Å to skip the blue part with very low signal. When using the external CFLIB templates, the wavelength range is limited to the overlapping region of the CoRoT target spectra and the CFLIB templates. In particular, the very red part with the Ca II triplet and the Paschen series cannot be used. Moreover, parts with strong telluric absorption had to be excluded again and once more, the wavelength range had to be reduced to 4800 − 6850 Å in the case of noisy spectra.
The design of the spectrograph does not allow one to reproduce the continuum flux (Sect. 4) so that the continuum flux could not be used for classification. Therefore, the CoRoT spectra and the Nasmyth templates were normalised and seven chunks (five in the case of low SNR, resp.) were compared separately (Fig. 2) . This way, the influence of the unknown absolute flux level and the extinction was optimally removed. This method ensures that the spurious continuum flux levels of both spectra do not distort the results of the classification.
The CFLIB templates are not flux-calibrated either but Valdes et al. (2004) recovered the SED of the CFLIB spectra from spectrophotometric templates. In order to compare the Nasmyth spectra and the CFLIB templates, they were normalised again in an appropriate way and compared in different chunks. Figure 2 shows the comparison of a CoRoT target to its best-matching Nasmyth template. In this case, the target spectrum matches the spectrum of HD 121560 perfectly (spectral type F6V).
Results
The results of the classification are listed in Table 4 . First of all, there are some interesting qualitative findings. In neither case, the best-matching external template originates from the same star as the best-matching internal template, in spite of a high number of stars common to both libraries. Also it occurs that an external template spectrum matches another CoRoT object. The CFLIB spectrum of HD 120136 matches LRc05 E2 3718 while the Nasmyth spectrum of HD 120136 matches the spectrum of LRc07 E2 0182. Apparently, the CFLIB spectrum of HD 120136 is as different from the Nasmyth spectrum as is the difference between the spectra of LRc07 E2 0182 and LRc05 E2 3718. Although both stars are late-F or early-G type stars, we note, that the SNR of the spectrum of LRc05 E2 3718 is only half of that of LRc07 E2 0182. Interestingly, the Nasmyth spectrum of HD 84737 matched Nasmyth spectra of as many as five CoRoT objects. Again, the SNR is obviously important since all the five target spectra suffer from low signal! The qualitative discussion above shows that the SNR plays a role. A more quantitative presentation of the data confirms that the agreement depends on the noise level of the CoRoT target spectra (Fig. 3(a) ). Fig. 4 presents another view on the data by projecting along the noise axis and showing the distribution of the residuals separately for the good and bad spectra. The spread tends to increase with decreasing signal, i.e. the strongest discrepancies are usually encountered for spectra of least quality. At highest signal, the discrepancies tend to vanish.
The mean difference in spectral type is as low as 2 subclasses when considering the good spectra only. Remarkably, hardly any systematic offsets or trends are seen in our sample.
The distribution of residuals appears far from normal in the case of the bad spectra. In the case of the good spectra, however, an identification of outliers seems possible. There are two outliers in spectral type, LRc09 E2 0308 and LRc05 E2 3718. The deviation cannot be readily explained since the SNR is reasonably good.
The spectroscopic classifications were compared with photometric classifications taken from the online version of ExoDat as of May 16 th , 2014. We note that the scatter is increased for bad spectra (Figs. 3(b), 3(c) ). But even for good spectra, the scatter is dramatically larger and we note that photometry tends to assign earlier spectral types. The level www.an-journal.org Table 4 Results of spectral classification (sorted by SNR). The table contrasts the classification obtained via two different sets of templates -the internal library obtained by us with the Nasmyth spectrograph and the template library of Valdes et al. (2004) (CFLIB) . LRc10 E2 1984 is an M star for which no template was taken with the Nasmyth spectrograph. Table 5 Contingency table showing the agreement of luminosity classifications obtained with the external CFLIB template library and the internal Nasmyth library. The number of classifications based on good spectra is shown and succeeded in brackets by the number of classifications based on bad spectra. Good and bad spectra are distinguished using the median of the SNR (cf. Fig. 3) Table 5.   CFLIB templates  Exodat  I  II  III III-IV  IV  V  I (1) II
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For an update of the status of CoRoT candidates with a spectroscopic classification, we recommend a rather conservative approach in order to not discard planet candidates prematurely. For the present sample and for the discussion below, we adopt a giant-like luminosity class only in the case that both template libraries yield a giant-like classification. Five out of these 6 stars were classified giants by photometry, too. Furthermore, we identified seven early-type stars (F3 or earlier), six out of these also early-type according to ExoDat.
However, there is disagreement in several cases. Intriguingly, seven stars are early-type according to photometry but late-type according to spectroscopy, affecting almost half of the photometric early-type targets. Furthermore, 2 out of 9 giants are actually dwarf stars. There is no single late-type star which turned out early-type. Only one early-type dwarf turned out a giant.
Discussion
We obtained target and template spectra with the same instrument in order to avoid any systematic effects which might be introduced by the use of another instrument. This involves a major effort since a large number of spectral types has to be covered. As many as 149 template stars have been observed to cover different luminosity classes and chemical abundance patterns. Although the coverage is not yet complete, it is very dense.
One of the main goals was to find out whether an external template catalogue, here the CFLIB, can be used to reproduce the results of a classification with an internal library. The best-matching template stars found in the present work show that the outcome mainly depends on the SNR of the target spectra. At sufficiently high SNR (≥ 100), the mean difference in spectral type is still within the internal uncertainties of the method of a few sub-classes Sebastian et al. 2012) . Also a discrepancy of the luminosity classification occurred more often in the case of bad target spectra. Although this assessment is based on small numbers, too, it ascribes at least part of the discrepancy to noise.
The agreement in spectral class for good target spectra gives high confidence in the use of external templates. In contrast, the photometric classification deviates by up to an entire spectral class. Nevertheless, as the scatter w.r.t. photometry increases for spectra with bad SNR, we conclude -as is expected -that the spectral classification is not able to provide accurate spectral types if the signal is too low. The photometric ExoDat classification of luminosity performs as well as a spectral classifiation employing the external library. In this respect, the present work extends the work of Sebastian et al. (2012) who derived spectral types from AAO spectra using templates from CFLIB and who compared the results to ExoDat classifications.
The comparison of the spectroscopic and photometric classifications shows that photometry favours early-type classifications (cf. Fig. 3 ). Half of them turned out latetype stars which is roughly in line with the findings of Sebastian et al. (2012) who showed that 30 % of the photometric A and B stars are actually late-type stars. Planet search campaigns often remove early-type targets from the list of candidates since the radial velocity follow-up of such objects can be challenging. Moreover, the low-resolution spectroscopy was able to identify 2 dwarf stars among 9 photometric giants. Giant stars are excluded from followup since the transit signature would be due to a low-mass star rather than a planet. This way, low-resolution spectroscopy can recover good candidates among early-type targets (50 %) and giant stars (25 %) discarded otherwise. For www.an-journal.org the present work, we studied 17 late-type dwarf stars which are particularly interesting for follow-up. None of these turned out a giant so that photometry performs much better in this case.
Summary and Conclusions
Within the ground-based follow-up of CoRoT targets we took low-resolution spectra of 42 objects with the lowresolution Nasmyth spectrograph in Tautenburg.
The spectra of the CoRoT targets were classified using two different sets of templates, an internal template library taken with the same instrument as the target spectra and the external CFLIB library. Although the internal library comprises spectra of 149 stars, the coverage is not fully complete and will be complemented in upcoming observing runs. The use of the new set of templates to refine preliminary classifications is intriguing. The new template grid is densest in the regime of F and G dwarfs which is most promising for planet detections with CoRoT.
We found that the use of external library spectra yields similar results when the signal-to-noise ratio of the target spectrum is sufficiently high (≥ 100). However, the luminosity classification with an external library does not perform better than a photometric classification. Therefore, it seems feasible to resort to a less costly photometric luminosity classification when an internal template library is not available.
As an aside, we know the atmospheric parameters of the matching templates. Therefore, a quantitative classification by atmospheric parameters becomes feasible, including effective temperature and surface gravity along with chemical abundances. This might disentangle the well-known degeneracy in spectral classification due to unknown metallicity that may certainly affect the present work. Also, the follow-up of transit-planet candidates would benefit a lot from quantitative classification. However, there are major uncertainties. At first, systematic tests will be needed to assess the accuracy of the quantitative spectral classification, e.g. by reproducing the atmospheric parameters of stars selected from the template library.
The present work highlights the importance of spectroscopic follow-up of CoRoT candidates when only a photometric classification has been available before. With modern multi-object spectrographs at hand (e.g. AAO, LAM-OST), low-resolution spectroscopic characterisation should become an indispensable part of any effort to follow-up on planet candidates identified in wide-field surveys. Residuals of classifications when using external templates and photometric classifications. The difference of spectral types (in sub-classes) is displayed vs. the SNR. The vertical line shows the median SNR found in Sect. 3, and is used to distinguish good and bad spectra. The 2σ outliers among the good spectra are highlighted by filled circles and discussed in the text.
www.an-journal.org Histogram of residuals of classifications when using the CFLIB library (corresponding to Fig. 3(a) ). The difference of spectral types is shown in units of sub-class. The filled style distinguishes spectra with good (grey) and bad signal (hatched) according to the division line shown in Fig. 3 .
